The problems of heavy metal contamination in water have become alarming and necessitate efficient remediation. However, conventional water and wastewater treatment techniques are considered costly, and some are even not environment-friendly. These problems trigger the idea of utilizing plants in the treatment process of metalcontaminated water. The current work investigated the potential of duckweed (Lemna minor L.) in treating leadcontaminated water through phytoremediation. The duckweed was used as bioaccumulator of lead (Pb) in the prepared stationary and recirculated set-ups at 3, 6, and 9 d. The physicochemical characteristics such as pH, BOD 5 , DO, turbidity, and temperature of the influent and effluent were compared. The highest bioaccumulation of 62.8% was achieved at 3 d in the recirculated set-up. The result of the analysis showed that duckweed has the potential in phytoremediation considering better quality effluent. The concentration of Pb in the effluent of 0.93 mg/L in the recirculated set-up with duckweed in 3 days was much lower compared to the initial concentration in the influent at 2.5 mg/L. This study demonstrated that duckweed could be a suitable plant for Pb removal from water with big implications in remediating heavy metal-contaminated water from various industries.
contaminated water, the use of plants still poised effective in the removal of a contaminant in the 1 process called phytoremediation [10] . 2 Phytoremediation is a biological method of removing heavy metals and other 3 contaminants naturally like in wastewater through the direct use of plants. Plants in this 4 technique accumulate the pollutants from the source. This natural wastewater remediation 5 contributes to the eco-friendly disposal of wastewater and a low-cost strategy to remove 6 contaminants before releasing to water bodies [10] . Unlike those conventional techniques 7 previously studied; phytoremediation is less costly, shows a good impact on the environment, 8 and is aesthetically pleasing [2, 11, 12] . Duckweed, scientifically known as Lemna minor L., is 9 one of the aquatic plants that has the potential for the removal of contaminants from wastewater 10 owing its high passive uptake via micropores in the root cell walls (the apoplastic pathway) 11 where sequestration or degradation takes place. Pollutants transport with water to the different 12 parts of the plants, and the diffusive mechanism of the accumulated Pb in the duckweed 13 enhances efficiency [13] . However, the potential of duckweed as an agent of contaminant 14 removal focused mainly on a regular biotic stationary setting (wetland). This set-up is without 15 the inclusion of any mechanism that may lessen the time needed for treatment process and 16 further enhance its efficiency in treating wastewater [5, 14, 15] . 17 This study evaluates the potential of duckweed in the removal of Pb in both stationary 18 and recirculated set-ups. The dynamic mechanisms were applied in the recirculated set-up to 19 improve the removal efficiency of duckweeds as a bio-accumulator [16] . The physico-chemical 20 characteristics of the prepared Pb-contaminated influent and the subsequent effluent in both stationary and recirculated set-ups, as well as the plant growth rate, were also measured to 1 determine the effects of contact time and set-up variation in the accumulation of Pb [17] . The duckweed was purchased from a farm that grows and distributes duckweed and some 8 aquatic plants for feedstock and laboratory experiments in San Pedro, Laguna, Philippines. Due 9 to financial constraints, pretreatment of duckweed before it was subjected to the Pb-10 contaminated water was not made. However, the supplier of the duckweed assured that it was 11 cultured in a condition with no possible contamination of heavy metals since the water used in 12 pre-growing was potable water. were duckweed grew in 3, 6, and 9 d. The recirculated set-up was run by a 12 V, 3 A direct 19 current wiper motor using a step-down center-tapped voltage transformer at 220 V to 12 VAC.
20
The motor was attached to the rectangular frame structure made of wood, round bars, sprockets, 21 bearings, and chain. The propellers were assigned to each container for agitation with 2 cm height and 5 cm width and placed vertically at 2.5 cm from the bottom of the container. The 1 uniformity of revolution was ensured by using the same kind and size of sprocket in containers.
2 Six (6) HDPE rounded containers were used as tanks (20 cm diameter and 28 cm height). The 3 experimental set-up is presented in Fig. 1 . Using the standard procedure of DOST, 47.5 mL of the 1000 mg/L standard Pb solution was 10 diluted in 19 L of distilled water to achieve the desired concentration of 2.5 mg/L. The mixing 11 was handled with safety precautions due to the possible health effects of Pb on humans.
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[c] 6 2.4. Experimental Set-up 1 The prepared Pb-contaminated water was poured into the container. The 150 g duckweed was 2 then introduced to each container and appropriately labeled with its respective set-up and contact As to the analysis results of the effluent, the anticipated increase of BOD 5 from 0.23 14 mg/L in influent to 112 mg/L was due to the formation of some organic matters after some 15 duckweed died during the process. The increase of BOD 5 values was also attributed to the The plant growth rates in the two set-ups were marked negative due to the nutrient-free 3 distilled water used in the experiment. The use of distilled water in this study contributed to the 4 inhibitions of the plant to grow due to lack of nutrients [19, 25] . In real wastewater, the 5 availability of nutrients would boost the growth of duckweed, thereby making it more rigorous in 6 accumulating contaminants. This finding is supported by a previous study [26] , claiming that 7 most industrial wastewater is nutrient-rich, thus allowing duckweed to multiply, grow and 8 survive when induced as a treatment agent and accumulator of contaminants in water. Moreover, 9 the negative PGRs in the early stage of the treatment process were due to the adaptive phase of 10 duckweed towards Pb exposure. The recovery of duckweeds' growth during the 9 th day in the 11 recirculated set-up with 0.16% was due to the transfer of nutrients from the degraded duckweed 12 that has died in the adaptive stage of the plant during phytoremediation. 
Conclusion
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The phytoremediation potential of duckweed as accumulator was best seen in the recirculated
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